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Wind erosion is a natural phenomenon, but it is a serious global problem and the primary factor responsible for desertification (Lal 1994) . Such erosive processes result in significant losses in soil fertility because of losses in plant nutrients, organic matter, and fine fractions. Wind erosion decreases soil productivity through transporting nutrients from the soil surface (Visser & Sterk 2007) . Wind erosion also influences climate change, spoils air quality, and significantly threats human health either directly or through the pathogens transported with it (Griffin 2007; Copeland et al. 2009; Watanabe et al. 2011) . It transports micronutrients to terrestrial and marine ecosystems (Griffin & Kellog 2004) . Wind erosion is more devastating in arid, semiarid, and dry sub-humid regions (Stroosnijder 2007) . Although wind erosion is a natural process in arid and semi-arid regions, it may reach drastic levels in degraded grass lands and agricultural fields through anthropogenic impacts (Gill 1996; Neff et al. 2008) . Land use has significant impacts on vegetation cover by protecting soil surface against erosive doi: 10.17221/73/2016-SWR winds (Zhou et al. 2008) . Several researches revealed the risks of wind erosion over degraded agricultural fields and over-grazed pastures in various parts of the world (Buschiazzo et al. 1999; Bielders et al. 2000; Goossens et al. 2001) .
Fallow is a common practice over a majority of agricultural lands in Turkey and all over the agricultural lands of Konya Closed Basin. In Turkey, fallow is practiced on over 15 million ha of drylands out of 28 million ha of agricultural land (Haktanır et al. 2000) . Concerns about insufficient precipitations and weed control force agricultural enterprises let the land lie fallow. Just because of the fallow system, about 50% of drylands are left without any protections throughout the growing season and soil tillage over fallow lands induces wind erosion and increases dust emissions through mechanical operations. It was reported that 465 913 ha of land area of Turkey was exposed to wind erosion and 69.22% of this exposure was experienced in Konya Closed Basin (Acar 2010) . Irregular and insufficient precipitations, high wind speeds, smooth surface topography, light soil texture, poor aggregation associated with alkalinity and salinity, low organic matter content, and poor vegetation cover in rangelands constitute the main reasons why wind erosion is a major menace and land degradation problem in the basin (Youssef et al. 2010) .
Wind erosion, resultant dust emissions, and potential effects on air quality have not been wellelucidated yet in Turkey. In this study, wind erosion and tillage-induced dust emissions were measured using passive traps in Konya Closed Basin where dry farming and fallow system have been most frequent.
Measurements were performed over the fields of Altinova and Gözlü Agricultural Enterprises of the General Directorate of Agricultural Enterprises of the Ministry of Agriculture, Turkey. With the total farmland area of both enterprises of 60 000 ha, they belong to the largest agricultural enterprises of Turkey as well as worldwide. In the research site the fallow system best representing the dry farming system of both Konya Closed Basin and the whole Turkey has been continuously practiced. To our knowledge, any regional-scale study evaluating the effects of fallow system on wind erosion and agricultural activity-induced dust emissions in Turkey is missing. Resultant data can serve as a basis for estimating the contributions of fallow-induced dust emissions of the region.
MATERIAL AND METHODS
The study area were the agricultural fields of Altinova and Gözlü Agricultural Enterprises of the General Directorate of Agricultural Enterprises of Turkey. Altinova is located between 38°43'08.68''N and 32°10'34.73''E longitudes (Figure 1 ). Total land resource of the enterprise is 31 157 ha. Long-term average annual precipitation is 315 mm and average temperature is 11°C. Gözlü is located between 38°29'29.01''N and 32°27'30.22''E latitudes (Figure 2 ). Total land resource is 28 830 ha. Long-term average precipitation is 312.3 mm and average temperature is 11.5°C. Average wind velocity at both locations is 3.2 m/s. The cropping pattern is mostly rainfed agriculture and irrigated agriculture is very limited. Agricultural land is predominately covered with Wind erosion and tillage-induced dust emissions were measured over the experimental fields of Altinova and Gözlü between March and June (wet season) and between June and September (dry season). A total of 100 sediment traps were installed over fallow lands in 11 experimental plots of both enterprises (5 plots in Altinova and 6 plots in Gö-zlü) on March 1, 2015. In each plot of Altinova, 10 sediment trap sets were placed. Just because of shallow soil depths and geometrical variations in plot shapes and sizes in Gözlü, 8, 8, 7 and 7 sets were respectively placed in G2, G4, G5, and G6 numbered plots. Although the plots had a size of 2000 × 2000 m (except for G2, G4, G5, and G6 of Gözlü), they were divided into two sections (Figure 1 and 2). Thus, the plot size was 2 km 2 (2 × 1 km). In each plot, the sediment traps BEST (Figure 3 ) (Basaran et al. 2011) were fixed into the field with anchorage bars along a linear route and perpendicularly to prevailing wind direction. The cyclone BEST has a plastic body produced by a plastic injection system. It is mainly composed of three modular units: a lid including inlet and outlet, a cylindrical and conical cyclone body, and a collector. While outlet diameter is 20 mm (Ø 1 ), rectangular inlet is 12 × 20 mm in size. Diameter of the cylindrical body is 60 mm (Ø 2 ) and base diameter of the conical body is 14.5 mm (Ø 3 ). Heights of the conical and cylindrical bodies are 50 and 74 mm, respectively. Diameter (Ø 4 ) and height of the collector are 50 and 40 mm, respectively.
The sediment transport distance of prevailing winds (fetch length) is 500 m. The tillage clods were also levelled for free rotation of wings. The measurement sets were placed 200 m apart along a route in each plot. In the sediment measurement system, 5 traps were placed at 20, 40, 60, 80, and 100 cm elevations. Each measurement system was supplemented with a wing to continuously orient the trap inlets perpendicularly to wind direction. Following the installation of sediment trap sets, soil samples were taken from 0-10 cm soil depths of each plot to determine some soil physical and chemical characteristics. The soil samples were air-dried in the laboratory and prepared for analyses. They were analyzed for pH, electrical conductivity (EC) (Richards 1954) , organic matter (OM) (Nelson & Sommers 1982) , calcium carbonate content (CaCO 3 ) (Caglar 1958) , and soil texture (clay, silt, and sand content) (Bouyoucos 1951) . The amount of aggregates smaller than 0.84 mm was determined by measuring aggregate size distributions of samples with a dry sieving apparatus (Chepil 1952) . Conventional agricultural machinery operations were performed over the experimental fields of both enterprises during a seven-month measurement period. Soil tillage was performed over fallow lands with mold plow in March to provide weed control and surface roughness in both enterprises. Weed control was practiced over cultivated lands through herbicide sprays with a holder in April. Since the precipitations of April and May were quite above the long-term averages, second soil tillage was performed over fallow lands with mold plough in June. Harvest was performed over cultivated lands with a combine harvester from the end of June to midJuly. The sediment flux (q z , kg/m 2 ) was measured for each trap elevation by using the following equation:
where: m -amount of sediment trapped by each trap (kg)
Then sediment flux (q z , kg/m 2 ) at each point where traps were placed was calculated with the trapezium method.
Sediment flux rate (Q r , kg/m) was calculated for each trap elevation through integration of q z over each depth: Total mass transport (Q t , kg) was calculated by using the following equation: (3) where: η -trap efficiency (80%) L -plot width (2000 m) (Basaran et al. 2011) .
RESULTS AND DISCUSSION
Soil analysis results are provided in Table 1 . The amount of aggregates sizing less than 0.84 mm was determined through dry sieving and modelled with exponential equation. The ratio of aggregates smaller than 0.84 mm is a significant indicator of wind erosion (Fryrear 1985) , and the A4 plot with 43% was identified as the plot most sensitive to wind erosion. Considering the dry aggregate size distribution, G1 plot (18%) was identified as the plot with the least risk of wind erosion. Average lime, sand, and < 0.84 mm aggregate contents of Altinova (respectively with 13.8, 48.6, and 35.4%) were higher than those of Gözlü On the other hand, pH, EC, OM, and silt contents of Gözlü (respectively with 8.6, 0.14 dS/m, 1.38%, and 27.6%) were higher than those of Altinova (8.5, 0.10 dS/m, 1.20%, and 20.0%).
Wind and precipitation values of both locations for March-October period were supplied from General Directorate of Meteorology (Konya, Turkey) ( Table 2) . Precipitation during the experimental period (MarchOctober 2015) was above the long-term averages. However, wind velocity values were quite lower than the long-term averages. Average wind velocity of wet and dry seasons was respectively observed as 2.43 m/s and 1.91 m/s (Altinova) and 1.94 m/s and 1.60 m/s (Gözlü). Total precipitations in wet and dry seasons were respectively observed as 228.6-76.6 mm (Altinova) and as 195.8-111.9 mm (Gözlü). Compared to dry season, wind velocity higher by 0.52 m/s was observed in wet season in Altinova and by 0.34 m/s in wet season in Gözlü. When the wind velocities of the enterprises were compared, it was observed that Altinova had by 0.49 m/s higher wind velocity than Gözlü in wet season and by 0.31 m/s higher wind velocity in dry season. Altinova had by 32.8 mm more precipitation than Gözlü in wet season and Gözlü had by 35.3 mm more precipitation than Altinova in dry season. Despite the two enterprises are located quite close to each other, they had quite different precipitation and wind velocity distributions throughout the year.
The differences in minimum and maximum wind velocities were quite distinctive in Gözlü. While the average coefficient of variation for wind velocities in wet season was 62.7 in Gözlü and 48.7 in Altinova, in dry season the values observed were 28.8 in Gözlü and 20.8 in Altinova. Higher variation coefficients in Gözlü indicated higher differences between minimum and maximum wind velocities at that enterprise.
Totals for sediments transported from fallow lands of Altinova and Gözlü are provided in Table 3 . Despite quite close locations and almost identical farming practices under the same conditions, the differences in mass transports were primarily related to precipitations and wind velocities. Altinova had by 32.8 mm more precipitation than Gözlü in wet season, however, wind velocity in wet season was 2.43 m/s in Altinova and 1.94 m/s in Gözlü. Lower soil moisture levels at Gözlü than at Altinova were because the low precipitation reduced the threshold dragging velocity and thus resulted in easy transport of individual particles and aggregates. The wetness or moisture content of the surface layer of particles, about 2 or 3 mm in depth, has a profound effect on wind erodibility of unconsolidated sediment. Many studies proved that moisture-dependent intergranular cohesion increased the threshold velocity needed for particle movement (McKenna-Neuman & Nickling 1989; Kroon & Hoekstra 1990; Seleh & Fryrear 1995; Chen et al. 1996) . Dong et al. (2002) indicated that surface moisture was an extremely important variable controlling the entrainment process of sands by wind since the tensile force between the water molecules and sand grains produces cohesion. However in dry season, despite higher precipitations and lower wind velocity at Gözlü than at Altinova, higher mass transport of Gözlü might be related to soil properties of the enterprise.
Correlations of sediment transport with some soil physical and chemical characteristics were performed for soils of both enterprises. Interestingly, while Q t significantly correlated with EC and lime content (r = 0.721 and -0.635) (P < 0.05), the correlations between Q t and erosion controlling parameters like texture, organic matter, and < 0.84 mm aggregate content were not found to be significant. Altinova soils had almost twice greater lime content than Gözlü soils. Higher water holding capacity of carbonates resulted in later dry out of Altinova soils, thus reduced cementing effect and resultant mass transport. Therefore, lower mass transport was observed in Altinova during both seasons. Calcium carbonate and high electrolyte concentration were found to be very effective against dispersion of soil aggregates (Gupta et al. 1984) . The positive effects of lime on soil structure can be ascribed to the flocculating and cementing actions of CaCO 3 (Haynes & Naidu 1998) .
Topography might have influenced sediment flux in both enterprises. Sediment flux may increase or decrease based on topographic position of selected plots. Several studies about the influences of topography on wind erosion and dust deposition were performed including field measurements, laboratory simulations in wind tunnels, and models (Hoffmann et al. 2008) . The greatest erosion rates were observed on windward slopes close to the summits while on the leeward slopes, erosion rates were considerably lower (Goossens & Offer 1997) .
When the enterprises were separately assessed with t-test in wet and dry seasons, it was observed that the difference in Q tWET -Q tDRY was significant in (31.61-19 .61 kg/ha) in Gözlü (Table 5 ). Higher mass transport in dry season of Altinova may be related to less precipitations rather than wind velocity. While Gözlü had 111.9 mm precipitation in dry season, at Altinova precipitation attained to 76.6 mm. The range of precipitation between wet and dry seasons at Gözlü was not as large as that at Altinova. Besides, high variation coefficient in wind velocity for wet season of Gözlü may be related to a broad range between minimum and maximum wind velocities. Longer exposure durations to high wind velocities in wet season and more frequent high wind velocities might have resulted in a higher variation coefficient and mass transport. The total mass transport over the whole 7-month measurement period was estimated at 303 t for Gö-zlü and 300 t for Altinova (Table 6 ), i.e. 603 t from both. Although the size of fallow lands in 2015 was 13.157 ha at Altinova and 5.290 ha at Gözlü, Gö-zlü was considered to be exposed to greater risks of wind erosion and agricultural activity-induced sediment flux.
CONCLUSION
In this study, wind erosion and agricultural activity-induced sediment flux from the fallow lands of Altinova and Gözlü in Turkey were separately assessed for wet and dry seasons. Precipitations in the experimental year were almost twice as high as long term averages. Although mass transport per unit area was quite low, if the entire fallow lands of the country were taken into consideration, we would arrive to huge numbers. Just because of high precipitation in the experimental period, no significant correlations were observed between mass transport and soil characteristics controlling soil erosion. A significant correlation was observed only between mass transport and soil lime content. Precipitation Q t -(Q tWET + Q tDRY ) (t/ha); Q -total sediment loss from fallow lands of enterprises (t) was identified as the indicator factor of the differences in mass transport rates of the enterprises. Current findings revealed that to prevent land degradation, the traditional fallow system should be abandoned and erosion preventive measures like minimum tillage and crop rotation should be introduced to reduce the materials transport and to prevent soil surface from erosive winds.
